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Abstract

~This paper reports the dielectric behavior of (100-x) MC + x NH4IQO3 (x=5, 10, 15, 20,

‘and 30 wt. %) electrolyte system calculated using data from impedance measurement at
temperature over the frequency range 50 Hz to 1 M Hz. The results obtained show
‘dielectric constant, dielectric loss, imaginary part of electrical modulus and loss
shows changes with frequency. The dielectric properties of the samples at low frequen!
have been explained on the basis of space charge polarization. The relaxation time for

samples is determined from the variation of loss tangent at different frequencies at
temperature. The relaxation time decreases with conductivity of the complexes.
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1. INTRODUCTION

There has been considerable interest on the
study of the dielectric behavior in polymer
electrolytes because it gives important
information even though these materials
have adequately high ionic conductivity [1].
By studying the dielectric behavior, some of
the physical and chemical properties of the
polymer can evaluate and the structure of
material can be understood [2]. Ramesh et
al. [3] stated that, studying the dielectric
behavior help in understanding the
conductive behavior of polymer electrolytes.
Jang et al. [4] have studied the effect of
chitosan concentration on the electrical
property of chitosan-blended cellulose
electroactive paper (CBC EAPap) and found
that the relaxation time decreased while the
ion mobility and the conductivity increased
with increasing chitosan-blending ratios in
CBC EAPap. The aim of investigating
dielectric behavior of methyl cellulose (MC)

doped with ammonium nitrate (NH4NO3
this work is to understand the conducti
behavior of the electrolyte films. M
cellulose is used as polymer host
ammonium nitrate as the doping salt
used in this study because only
attention has been paid to proton condu
polymer electrolytes using MC host. U%
ammonium salts used as proton donor$
ammonium triflate (NH4SO3CF3) [54‘
ammonium sulfate [(NH4),SO4] [7],
methyl ammonium bromide [(CH3)al™
[8], ammonium thiocyanate (NH4SCN) !
10] and ammonium iodide (NH4I) [11-148

2. EXPERIMENTAL

2.1 Materials

Methyl cellulose (MC) from Sk
Aldrich as polymer host, ammonium n#
(NH4NO;) from Ajax as salt and distl
water as solvent. '
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2.2 Sample Preparation

Polymer electrolytes were prepared using
solution casting technique. Samples were
prepared using a general formula (100-x) wt.
% MC + x wt. % NH4NO; (x=5, 10, 15, 20,
25 and 30). MC was dissolved in distilled
water and stirred until clear viscous
solution. NH4NO3; was added accordingly
and stirred again until 24 hours for solution
completely ~ dissolve. ~ After complete
dissolution, the solutions were cast in plastic
petri dishes and left to dry at room
temperature to form films.

2.3 Impedance Measurements

The solid (100-x) MC + x NH4NO3
electrolyte film were sandwiched between
stainless steel and impedance measurements
were performed with electrochemical
impedance spectroscopy (HIOKI 3531-01-
LCR bridge) that has been interfaced with a
computer in the frequency range 50 Hz to 1
M Hz at room temperature. The dielectric
constant, dielectric loss, imaginary part of
modulus and loss tangent was calculated
from the impedance data.

3. RESULTS AND DISCUSSION
3.1 Impedance Analysis

The impedance plot of 70 wt. % MC + 30
wt. % NH4;NO;3; at room temperature 1S
shown in Fig. 1. The —Z; versus Z; plots
shows a straight line at lower frequency
region and semicircular arc at the higher
frequency region. The bulk resistance of the
electrolyte film was taken from the intercept
on the real X-axis at the higher frequency
side.

The ionic conductivity of the samples was
calculated using the equation as follows in
Ref. 13-16.

The value of the bulk resistance and
conductivity are tabulated in Table 1.
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Fig. 1 Impedance plot of 70 wt. %
NH/NO;.
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MC + 30 wt. %

The value of R, for the samples is decrease
with addition of NH4NOj. This implies that
the conductivity has increase with addition
of NH4sNOs. The conductivity of the system
was optimized for sample containing 25 wt.
% salt.

3.2 Dielectric Behavior

The effect of NH4sNO; concentration on the
frequency-dependent dielectric behavior of
(100-x) MC + x NH4NOj; system was
analyzed using the equation as follows in
Ref. 17-19.

3.2.1 Dielectric loss and dielectric constant

Fig. 2 and 3 shows the variation of dielectric
constant, & and dielectric loss, & as a
function of frequency for MC-NH4NO;
complexes at room temperature.

TABLE 1. The values of bulk resistance, R, and conductivity, ¢ of samples with respective composition

(100-x) wt. % MC + x wt. % NH,NO; Bulk resistance, Ry, Conductivity, ¢
) (Sem™)
100 wt. % MC 4.31x 10’ 3.08x 107"
95 wt. % MC + 5 wt. % NH4NO; 2.52x10° 6.74x 10
90 wt. % MC + 10 wt. % NH,NO; 541x10° 2.49x 107
85 wt. % MC + 15 wt. % NH4NO; 3.74 x 10" 575x 107
80 wt. % MC + 20 wt. % NH4NO; 6.43 x 10’ 3.10x 107
75 wt. % MC + 25 wt. % NH,NO; 7.81x 10° 2.10x 10°
70 wt. % MC + 30 wt. % NH,NO; 3.35x 10° 6.40 x 10°
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Fig.2 Dielectric constant versus log frequency plot

. for (100-x) MC + x NH4,NO; system (x= 5, 10, 15,
20, 25 and 30 wt. %)
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Fig. 3 Dielectric loss versus log frequency plot for
(100-x) MC + x NH4NO; system (x= 5, 10, 15, 20, 25
and 30 wt. %).

It can be seen that the value of & and &
decrease with increasing the frequency up to
10° Hz. The decrease in the value of &, and ¢;
may be attributed to the electrical relaxation
process [20] and indicating that electrode
polarization due to charge accumulation has
taken place in space [21-22]. Baskaran et al.
[23] reported that, non-Debye behavior was
happen because the formation of space
charge regions at the electrode-electrolyte
interfaces at low frequencies. At high
frequencies, the periodic reversal of the
electric field occurs at the interface, the
contribution of mobile ions towards é&,
decreases with increasing frequency.

In the both of the figures, no appreciable
relaxation peaks are observed in the studied
frequency range. These shows the increase
in conductivity is due to an increase in the
number density of mobile ions. The

variation in ¢, and ¢; are observed follow’
same trends as in the conducti
composition relationship. The sample !
the highest conductivity value has !
highest dielectric constant and dleled
loss.

3.2.2 Real And Imaginary Part Of EIecff#
Modulus.

Depicted in Fig. 4 is the variation

imaginary (M;) part of the elec

modulus at room temperature for the vari
concentration of NH4NO; salt.
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Fig. 4 Imaginary part of modulus, M; log frequenﬁgf
and 30 wt. %).

The existence of a long tail at the I
frequency end is attributed to the 1
capacitance associated with the elec
[18]. In M; versus log frequency plots:
appearance of peaks which correspo
the conductivity relaxation [20]
observed to shift from low to hi
frequency region and it follows the tre™
the conductivity variation [24].
presence of such peaks in M, plots indi
that the electrolyte system is an i
conductor [21].

3.2.3 Loss Tangent

Fig. 5 depicts the frequency dependen®
loss tangent at room temperature.
angular frequency of the applied field.
which the (tan J)ma Occurs, the relax
time for the ionic charge carriers, t €
calculated by the relation:

o =1
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where o is the angular velocity, @ = 2xf, f is
the frequency value corresponding to
maximum tan d.
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Fig. 5 Loss tangent versus log frequency plot for
(100-x) MC + x NH,NO; system (x= 5, 10, 15, 20, 25
and 30 wt. %)

The occurrence of relaxation time is the
result of the efforts carried out by ionic
charge carriers within the polymer material
to obey the change in the direction of
applied field. The shift of (tan d)max towards
higher =~ frequency  with  increasing
conductivity indicates that relaxation time

decrease with conductivity as shown in Fig.
6.
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Fig. 6 The dependence of conductivity and
relaxation time on NH,NO; salt concentration at
room temperature

4. CONCLUSIONS

The value of dielectric constant, & and
dielectric loss, & of (100-x) MC + «x
NH4NO; (x = 5, 10, 15, 20, 25 and 30 wt. %)
electrolyte films are’ decreased with

88

frequency is attributed to the polarization
due to the charge accumulation. The
presence of such peaks in A plots shows the
electrolyte system is ionic conductor. The
(tan O)max are shifted from lower to higher
frequency with increasing conductivity
indicates that relaxation time decreases with
conductivity.
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